INTRODUCTION
Plyometrics is a type of training methodology that can increase power output and explosiveness (1) . Plyometrics involves an active muscle switching from a rapid eccentric muscle action to a rapid concentric muscle action or from a rapid deceleration to a rapid acceleration (1) . This action of deceleration to acceleration is known as the stretch-shortening cycle (1) . Muscles that start in a static position can not generate as much force as those using the stretch-shortening cycle since the eccentric to concentric muscle action uses the elastic energy stored in the muscle (2) . A greater power output can be found when the stretch-shortening cycle is used because of the efficiency gained by releasing elastic energy stored in the muscles (3) . The muscles react to the sudden stretch by sending a signal to the central nervous system to resist the sudden stretch. In other words, the muscle is going to rebound rapidly from the sudden stretch (4) . Considering this information plyometric training has the potential to develop quicker reaction times that lead to an increase in an athlete's speed and power (2) . This type of training can improve performance in explosive sports that rely on moving speed and power such as hockey, basketball, track and field, football, and volleyball (5) .
Even though plyometric training has been used for many years, to our knowledge there has been very little research done using a sport specific plyometric program on collegiate hockey players. Lockwood and Brophey tested six male hockey players from a Jr. B hockey team following a 4-week plyometric program and observed a significant drop in on ice 40 m time from pre test to post test. The average drop was approximately .15s (2) . A decrease in 10 m and 40 m sprint times was also seen at the conclusion of an 8 week study conducted with sprint specific plyometrics (6) . In a 6-week study conducted by Polhemius et al, subjects participated in a three day per week plyometric program while completing their conventional training programs. It was found that pre-to post-program 40 m dash times were significantly reduced (7). However, Luebbers et al found that some aspects of performance actually decreased following a 4-week plyometric training program (1).
Even though some studies have shown improvements using plyometrics in their programs (2, 6, 7, 8, 9, 10) there have been others that have shown little or no improvements (1) . This was the case in the study conducted by Luebbers et al. In the study, decreases in vertical jump performance (67.8 ± 7.9 cm) were observed following the 4-week plyometric program. Vertical jump values decreased to a mean of 65.4 ± 7.8 cm from 67.8 ± 7.9 cm after the plyometric training program. In other areas there were no significant changes found, including anaerobic power (1).
This confusion has lead to the current study involving college age male hockey players and if plyometrics will improve power and speed. It is essential that hockey players have power, explosiveness, quickness, and agility to compete at their peak abilities, some of which can be improved by plyometric training (2) . The purpose of this study was to determine if plyometric training in male college hockey players increases single leg and double leg vertical jumps, 10 and 40 yard dash times, and anaerobic power values. We hypothesized that plyometric training will increase vertical jump and anaerobic power values in male college aged hockey players and will their 10 yard dash and 40 yard dash times.
METHODS

Subjects
Seventeen college-aged males (ages 18 to 24 years) from a Division 3 hockey program served as subjects for this investigation. Subjects were recruited by word of mouth and selected with assistance from the team's coaching staff. All subjects used in the study were assumed to have similar levels of activity in addition to the four-week plyometric training program, and agreed not to alter their normal daily exercise routine throughout the duration of the study. The mean age, height, pre-training weight, post-training weight, pre-training body fat percentage, and post-training body fat percentage are listed in Table 1 . All subjects were verbally presented with the guidelines, expectations, and personal rights in regards to the study. All subjects signed the informed consent form that was approved by the University Human Subjects Institution Review Board. 
Pre-Training and Post-Training Testing Procedures
The pre-training testing session and post-training testing sessions were performed at the University of Wisconsin Eau Claire's exercise physiology lab and indoor track facilities, and the testing order was randomized for each athlete. Data was collected prior to the 4-week training program and again at the conclusion of the training period. All measurements were taken on one day for each testing session for all subjects involved. The post-training test session was completed 96-104 hours after the final training session was completed., the basic demographic measurements recorded in the lab included a 3-site skin fold test (chest, tricep, and thigh) using skinfold calipers (Lange Skinfold Calipers, Beta Technology Incorporated, Cambridge, Maryland), height measured to the nearest cm using a stadiometer and weight measured to the nearest kg using a balance scale.
The tests that were administered for both pre-and post-testing included a 40 yard dash with timing at 10 yards using two stopwatches (Robic SC-505) and timing the entire 40 yards using a stopwatch (Action watch model: Hotwatch) and a wrist watch (Coleman 40-747, China). The yardage was measured with a fiberglass measuring tape (MF Athletic). The slowest and fastest of the four times recorded for the subjects were dropped and the middle two were averaged to describe the subjects 40 yd time and 10 yd time. If only three times were available, the slowest time was dropped and the other two values were averaged.
The vertical jump was tested on each leg individually in addition to a two legged jump using a Vertec device (Sports Imports, Columbus, Ohio). Vertical jumps were measured to the nearest half-inch. Each subject was given two trials for each test and the best trial was recorded. peak power (W), relative peak power (W/kg), minimum power (W), relative minimum power (W/kg), and power drop (%).
Training Procedures
A 4-week plyometric training program was developed using two training sessions per week. The training program was based on plyometric exercises found in "Jumping Into Plyometrics," written by Dr. Donald Chu and on exercises developed specifically for hockey by the research team.
The 4-week training program was held at a local hockey training facility. The researchers and training group met at the facility twice a week, for four weeks, at 6:30am. Each researcher was responsible for supervising one of four specific exercise stations throughout the duration of the four-week training period.
The training program was based on increasing time and/or sets for each exercise administered throughout the four-week program. See Table # 2, 3, 4, 5 for the training program in a week by week progression chart. The subjects were instructed to give their maximal effort for each exercise performed
All of the plyometric exercises were selected based on their similarity to hockey movement used during regular season training and competition. All plyometric exercises for this program were selected to help improve and/or maintain the muscular strength, endurance, and technique necessary to compete successfully during a hockey practice and competition. Subjects were randomized into four equal groups during the first of the four-week training sessions, and remained in the same group for the entirety of the four weeks. All groups were to perform each exercise station in a randomized order each session.
High Knees: Body in line with a slight lean back, head held straight up. The knee is raised to a 90 degree angle, or greater, while performed at a walking speed and maintaining an upright position on the toes. Alternate legs, and drive elbow back to help bring knees through faster. Split squat lunge jumps-a lunge followed by a sudden bursting jump into the air at the end of one alternating leg that leads into the next lunge.
Used for: warm up, exercise of the quadriceps, hamstring, and gluteus muscle group, and increases take off strength.
See Figure 9 : Split Squat Lunge Jumps Cross over jumps: Athlete begins in a squat position stance perpendicular to the box. As the athlete moves towards the box the outer most leg is the first to step onto the box, while the opposite, and closer leg, moves over the box to land on the opposite side of the box. Motion then starts over and continues back and forth until the set is completed. This exercise was performed on box 1 only.
See Figure 13 : Cross over box jumps Russian box jumps: Athlete begins at a 90 degree or lower bend at the knee, on one foot on one side of the Russian box; followed by an explosive jump to the opposite side of the box, landing on the opposite foot into a 90 degree or lower bend. The exercise is repeated until the set is complete. 
Statistical Analysis
The paired T-test was used to determine mean, standard deviation and significance using statistical software Statistical Package for the Social Sciences, Version 13.0 (SPSS, Inc, Chicago, IL). The independent variable was the plyometric training program. The dependent variables were the effects on the left leg vertical jump, right leg vertical jump, both legs vertical jump, first 10 yard time during 40 yard dash, 40 yard dash time, anaerobic peak power, anaerobic relative peak power (W/Kg), anaerobic minimum power (W), anaerobic relative minimum power (W/Kg), anaerobic power drop (%). Pre-test scores were compared to the post-test scores to determine significance. All data are presented as mean ± SD. Alpha level was set at p<.05. In contrast, there were significant differences (p< .05) found in left foot vertical jump height, right foot vertical jump height , anaerobic peak power , anaerobic relative peak power , and power drop percentage . 
RESULTS
Out
Inches
DISCUSSION
Based on the results of this study, the research hypothesis can be accepted in regards to the single leg vertical jump and anaerobic power increases. The research hypothesis in regards to an increase in two leg vertical jump height and a decrease in 10 yard dash times as well as 40 yard dash times were rejected. These findings were not in agreement with those of Rimmer and Sleivert and Lockwood and Brophey (2, 6) . No differences found between the two foot vertical jump heights agree with the findings of Luebbers, who demonstrated a decrease in two foot vertical jump height after administering a plyometric program in physically active college aged males within the four week trained group (1). The original research hypothesis stating an increase in single leg vertical jump height, anaerobic peak power, and relative peak power was accepted. The improvement in these variables can be related to the physiology behind plyometrics. The stretch shortening cycle is used which improves muscular efficiency by releasing elastic energy stored in the muscles (3).
Throughout the study, other variables of interest were also measured. Following the training program, a statistical significant difference in the power drop percentage was observed (.02). This was explained by the use of the stretch shortening which improves muscular efficiency (3). The power drop percentage decreased when comparing the pretraining test session results and the post-training test session results, implying that the training program was designed to increase power endurance ( Figure #22 ). The result found when testing this variable was not the original intention of the study; however, it may be an important component to address during a hockey training program due to the line shifts that occur during competition. With a plyometric program similar to the one administered during this 4-week training program, college aged male hockey players should be able to distribute a greater power force over a longer period of time.
Even though there were significant differences found in select variables, 24 to 36 hours prior to the post-training test session, the hockey players were instructed by their coach to do a resistance training workout that consisted of multiple sets of squats. This may have limited the effectiveness of the results and may have had a significant effect on the athletes' performance on all of the tests administered in the post-training test session. Many of the athletes expressed issues of quadriceps, gluteal, and hamstring soreness prior to beginning the test session. Assuming that the squat workout session completed 24 to 36 hours prior to the test session had an affect on their performance, it could be said that differences may have been much greater. Throughout the duration of the study, it was assumed that the athletes were giving a maximal effort during the training sessions, and were also maintaining their normal daily routines.
CONCLUSION
In conclusion, this study determined that there were some significant benefits to plyometric training for collegiate level hockey players. The results suggested that plyometric training for two days a week for four weeks is sufficient enough to show improvements in single leg vertical jump height and overall power endurance. The data also suggested that plyometric training two days a week for four weeks is not sufficient enough to show improvements in 40 yd dash times, 10 yd dash times, two foot vertical jump height, post minimum power, and post relative minimum power (W/Kg).
These results should be of interest to collegiate hockey coaches, players, strength and conditioning coaches, and any competitive college aged males intending to improve single leg vertical jump height and power endurance. There has been little previous research done, to our knowledge, on plyometric training in collegiate level hockey players. As a result, further research needs to be done regarding the effects of plyometrics on hockey players including studies with a longer training program. More research should be done focusing on a longer rest period prior to post-training testing. 
